This article presents an analytical study of nonlinear diffusion of electromagnetic fields in anisotropic superconducting media. The case of anisotropic media is treated as a perturbation of isotropic media and analytical expressions for nonlinear diffusion of circularly polarized electromagnetic fields are derived.
Nonlinear diffusion of electromagnetic fields in superconductors has been a topic of increasing interest lately. However, only the case of isotropic superconducting media has been discussed. In this article, an attempt is made to study nonlinear diffusion of circularly polarized electromagnetic fields in anisotropic media. This problem for isotropic media was solved in Ref. 1 in the case of ideal resistive transitions and in Ref. 2 for gradual resistive transitions described by the ''power law.'' The power law has been observed in numerous experiments, and it has been extensively used in recent studies of nonlinear diffusion of electromagnetic fields in superconductors albeit only for linear polarization of electric field ͑see, for instance, Ref. 3 and references therein͒.
In our discussions, the following constitutive relations for anisotropic superconducting media with gradual resistive transitions will be used:
where k is a parameter that coordinates the dimensions of both sides in Eqs. ͑1͒ and ͑2͒, while ⑀ is some relatively small parameter which accounts for the anisotropicity of the media. It is clear that the properties of superconductor enter into Eqs. ͑1͒ and ͑2͒ through parameters n, ⑀, and k. In the limiting case of ⑀ϭ0, expressions ͑1͒ and ͑2͒ are reduced to
which are constitutive relations for isotropic superconducting media with gradual resistive transitions described by the power law: Eϭ(J/k) n , ͑nϾ1͒. Thus, the anisotropic media with constitutive relations ͑1͒ and ͑2͒ can be mathematically treated as perturbations of isotropic media described by the power law. This suggests that the perturbation technique can be very instrumental in the mathematical analysis of nonlinear diffusion in anisotropic media with constitutive relations ͑1͒ and ͑2͒. In the limiting case of nϭϱ, expressions ͑1͒ and ͑2͒ describe ideal ͑''sharp''͒ resistive transitions with critical currents J x c ϭ(1ϩ⑀)k and J y c ϭ(1Ϫ⑀)k. It is also important to note that the Jacobian matrix for J͑E͒ defined by Eqs. ͑1͒ and ͑2͒ is symmetric. This guarantees the absence of local cyclic ͑hysteretic-type͒ losses. Now, consider a plane circularly polarized electromagnetic wave penetrating superconducting half-space zϾ0. The magnetic field on the boundary of this half space is specified as follows:
By using the Maxwell equations, it is easy to find that the distribution of electric field in half-space zϾ0 satisfies the following coupled nonlinear partial differential equations:
subject to the boundary conditions
Next, by using the perturbation technique, we shall look for the solution of the boundary value problem ͑6͒-͑8͒ in the form
We shall also use the following ⑀-expansions for constitutive relations ͑1͒ and ͑2͒:
where J x 0 (E x ,E y ) and J y 0 (E x ,E y ) are defined by expressions ͑3͒ and ͑4͒, respectively, while E ϭ ͱE x 2 ϩE y 2 . By substituting expressions ͑9͒-͑12͒ into Eqs. ͑6͒ and boundary conditions ͑7͒ and ͑8͒, and equating the terms of like powers of ⑀, we end up with the following boundary value problems for E x 0 , E y 0 and e x , e y :
͑17͒
‫ץ‬e x ‫ץ‬z ͑ 0,t ͒ϭ ‫ץ‬e y ‫ץ‬z ͑ 0,t ͒ϭ0, e x ͑ ϱ,t ͒ϭe y ͑ ϱ,t ͒ϭ0. ͑18͒
The boundary value problem ͑13͒-͑15͒ describes the penetration of circularly polarized electromagnetic wave in isotropic superconducting half-space zϾ0. The solution to this problem has been found in Ref. 2. For the case when the initial phase ␥ in Eq. ͑11͒ is such that the initial phase of E 0 on the boundary ͑zϭ0͒ is equal to zero, this solution can be written as follows:
and E m is determined from the equation
By substituting ͑19͒ and ͑20͒ into Eqs. ͑16͒ and ͑17͒ and by using expressions ͑3͒ and ͑4͒, after straightforward but somewhat lengthy transformations we derive the following equations for e z and e y : 
